of concentrated rat Sertoli cell conditioned medium (rSCCM) to isolated Leydig cells from immature rats stimulated steroid production more than 13-fold within 4 h. LH-stimulated steroidogenesis was not enhanced by addition of rSCCM. The biological activity of the concentrated rSCCM was higher after incubation of Sertoli cells with FSH, whereas FSH alone did not stimulate steroid production. This effect of rSCCM was not due to inhibin, since highly purified 32 kDa rat inhibin, in doses equivalent to those present in rSCCM, had no effect on steroidogenesis during the 4 h incubation period. Furthermore, inhibin could be separated from the Leydig cell stimulating factor by anion-exchange chromatography.
INTRODUCTION
Luteinizing hormone (LH) is the main regulator of Leydig cell steroidogenesis.
However, there is abundant evidence, both from in vivo and in vitro experiments, that locally produced factors can modulate Leydig cell activity and that these factors are produced by cells in the seminiferous tubuli and by Sertoli cells in particular [ 1, 2] . In hypophysectomized immature rats, in vivo administration of follicle-stimulating hormone (FSH) can induce Leydig cell hypertrophy and stimulate steroidogenic activity [3-51. It is likely that this effect is mediated by Sertoli cells, since these are the only testicular cells containing FSH receptors [6] . Seminiferous tubule damage induced by different procedures (antifertility compounds [7] , hydroxyurea, fetal irradiation [8] , and a 32 kDa x/I-B inhibin dimer has been purified from rat SCCM [22] . Inhibin has been reported to stimulate basal and human chorionic gonadotrophin (hCG)-induced testosterone production by cultured immature and neonatal rat Leydig cells respectively in long-term cultures; activin can counteract these effects [23, 24] . The purpose of the present study was to investigate whether inhibin is also one of the components in SCCM which can influence Leydig cell steroid production during short-term incubations.
MATERIALS AND METHODS

Sertoli cell conditioned medium
Sertoli cells were isolated from the testes of 22-dayold Wistar rats and were cultured for 1 day in plastic 150 cm' flasks (Costar, Cambridge, Mass, U.S.A.) in Eagle's minimal essential medium (MEM; Gibco, Grand Island, N.Y., U.S.A.) containing 1% (v/v) fetal calf serum (FCS; Gibco) as described [22] . On the following day the attached Sertoli cells were CrSCCM and FrSCCM, were 1.42 and 2.18 mg/ml, respectively, as measured using the protein assay kit purchased from Biorad (Miinchen, F.R.G.).
As a preliminary characterization of the Leydig cell stimulating activity CrSCCM was chromatographed on a Mono Q anion exchange chromatography column (Pharmacia, Uppsala, Sweden), using the buffers described previously [22] .
Bioactive and immunoactive inhibin were measured in CrSCCM [25] , using a bovine follicular fluid (bFF) preparation with an arbitrary potency of I U/pg protein as a standard.
One unit of this standard reduces FSH release from rat pituitary cells in Ctro to 57.6 Ifr 2.5% (mean f SD; n = 10) of the control secretion.
The International Research Standard for Inhibin (86/690) has a relative specific activity of 60 + 10 U/icg (mean _t SEM; n = 5) expressed in units of this bFF standard [22] . Inhibin with a molecular weight of 32 kDa was purified from a pool of CrSCCM by Amicon YMIO diafiltration Mono Q anion-exchange, cl/c8 reversed phase chromatography and SDS-PAGE as described previously [22] . The relative specific activity of this material was 16.4 x IO6 U/mg protein [22] .
Leydig cell incubations
Leydig cells were isolated from testes obtained from 21-22-day-old Wistar rats as described [26] . Pregnenolone in culture media was measured by radioimmunoassay [27] .
RESl:l.TS
During the 4 h incubation, pregnenolone production by incubated immature Leydig cells was stimulated in a dose-dependent fashion after addition of CrSCCM (Fig. I) . Various amounts of highly purified 32 kDa inhibin had no effect. Since 1 U of purified 32 kDa inhibin reduces pituitary FSH release by 57.6%, the amount of inhibin added to the Leydig cells with the highest dose (400 U/well) is rather large. In the presence of a maximally stimulating dose of LH, CrSCCM (Fig. I ) or 32 kDa inhibin had no further effect (not shown). With three different Sertoli and Leydig cell preparations the stimulation of steroid production with 20 11 I of 50-fold concentrated CrSCCM was 21 k 5.8-fold (mean k SEM).
Subsequently, the effect of hFSH on the release of the Leydig cell stimulating activity from Sertoli cells was studied. CrSCCM from the first collection period (day l-3 after attachment of Sertoli cells) stimulated basal Leydig cell steroid production in a dose-dependent manner (Fig. 2) . Media from hFSH-stimulated Sertoli cells (FrSCCM) were I .5-3 times more potent than CrSCCM. Human FSH itself, in a concentration present in the highest dose of FrSCCM had no significant effect on Leydig cell steroid production (Student's t-test; Fig. 2) .
The secretion of the Leydig cell stimulating factor and the effect of FSH on its secretion diminished with increasing culture period of the Sertoli cells. CrSCCM collected during the first two weeks (4 collections) stimulated basal steroid production and FSH enhanced the biological activity. Thereafter, no effect of FSH on the steroid stimulatory activity was found. In contrast immunoreactive inhibin-like activity was still produced; its production could still be stimulated by addition of FSH (Table 1) .
Finally, the fractions of CrSCCM, obtained after chromatography on a Mono Q anion-exchange column,
were tested for Leydig cell stimulating activity. The bulk of the activity was eluted from the column in fractions 4. 5 and 6 at NaCl concentrations between 25 and 75 mmoljl, whereas the inhibin bioactivity was eluted in fractions 881 I, at a salt concentration between 100 and 180 mmol/l. effects were observed. In these studies Leydig cell steroid production may have been influenced by exhaustion of nutrients in the culture media. To avoid these problems, rSCCM was concentrated and exchanged in the present study. The maximal effect of rSCCM on Leydig cell steroidogenesis was much larger than reported by others [lo, 11,131 and comparable with the response to a maximally active dose of LH. We have not observed any additional effect of rSCCM on LH-stimulated steroid production of immature Leydig cells. Although the medium was derived from cultured Sertoli cells, the origin of the stimulatory activity has Fig. 2 . Effects of a 4 h incubation with increasing concentrations of control and FSH (25mU/ml) stimulated rat Sertoli cell conditioned medium (CrSCCM and FrSCCM respectively) collected during the first 3 days of culture on pregnenolone production by immature Leydig cells. The effects of 100 ng/ml LH and the highest dose of FSH (125 mu/ml) on pregnenolone production are also shown. Values are means f SEM from triplicate incubations. Media from Sertoli cells cultured in the absence (CrSCCM) or presence of FSH (FrSCCM) were collected during a period of 3f weeks (7 half-weekly collections), concentrated SO-fold and tested in a dose of 20 pl per 200 ~1 medium for their effects on basal immature Leydig cell pregnenolone production. Results are expressed as stimulation factor, compared with basal production. In these concentrated media the amount of inhibinlike immunoreactivity was also determined (expressed as % of CrSCCM (period I); 100% = 60 U/ml onconcentrated media)
.
not yet been determined unequivocally. The Sertoli cell preparations were not completely pure, as peritubular and germinal cells were also present. The fact that FSH can stimulate the secretion of this factor, however, is a strong indication that the factor is a Sertoli cell product, since only Sertoli cells have FSH receptors. These characteristics indicate that this factor may be a mediator of the effects of FSH on Leydig cells in oiuo.
The nature of the biologically active factor(s) is not known, although it has been shown that Leydig cell stimulating activity is heat sensitive, and associated with a compound with a molecular mass larger than 10 kDa [lo, 131. We also found that the Leydig cell stimulating activity is retained by a membrane with a molecular weight cut off at 10 kDa; the activity could be separated from inhibin by anion exchange chromatography.
Inhibin has been reported to increase hCG-induced steroid production from neonatal rat Leydig cells [23] , to stimulate basal but not hCG-induced steroid production from immature rat Leydig cells [24] and to have no effect on basal or hCG-stimulated steroid production from mature rat Leydig cells [28] . On basis of these reports and the present observations we postulate that inhibin may act as a trophic regulator of Leydig cell function and is not involved in short-term regulation of steroid production.
The physiological importance and identity of these factors have not yet been established. However, these results suggest short-term paracrine control of Leydig cell steroidogenesis by Sertoli cell derived factors.
